ABSTRACT
INTRODUCTION
Ginsenosides or ginseng saponins are the most important components of ginseng. Essentially, saponin is a glycoside formed through the bonding of carbohydrates, such as glucose, arabinose, xylose, and rhamnose, to structurally steroidal triterpenoids. These ginseng saponins can be either classified into tetracyclic saponins, including protopanaxadiol (PPD), protopanaxatriol (PPT), and/or pentacyclic saponins such as oleanane. Furthermore, it has been reported that ginsenoside has various effects on the central nervous system (4) and brain function (21) . It also exhibits effects on carcinogenesis, cancer treatment (13) , immune function regulation (26) , diabetes (10) , hepatic function (19) , blood pressure regulation (11) , cardiovascular disorder amelioration (14) , menopausal disorder regulation (18) , fatigue (5) , antioxidant function (17) , and anti-stress function (22) In the present study, we characterized the transformation of the major protopanaxadiol ginsenoside Rb1 using cellfree extracts of the Leuconostoc citreum LH1 strain isolated from kimchi, a traditional Korean fermented food.
MATERIALS AND METHODS

Materials
The Leuconostoc citreum LH1 strain was isolated from Subsequently, single colonies from those plates were subjected to an additional two-day incubation at 37°C.
Phylogenetic analysis
The complete sequence of the LH1 strain's 16S rRNA gene was compiled through SeqMan software and edited using the BioEdit program. The 16S rRNA gene sequences of the related taxa were obtained from GenBank, and the phylogenetic tree was constructed via the neighbor-joining method using the MEGA 3.1 program. A bootstrap analysis with 1,000 replicates was likewise conducted to obtain confidence levels for the branches. Finally, the closest type strains were included in the phylogenetic tree.
Preparation of crude microbial enzymes
The LH1 strain was grown in the MRS broth at a temperature of 37°C until absorbance at 600 nm reached 1.0. 30°C for 48 hrs, followed by extraction with water-saturated nbutanol. Subsequently, the n-butanol fraction was evaporated to dryness, and the methanolic extract was analyzed using HPLC.
Conversion of ginsenoside Rb1 with crude enzymes
The Leuconostoc citreum LH1strain was grown in MRS broth at 37°C until its absorbance at 600 nm reached 1. H 2 SO 4, followed by heating at 110°C for 10 min (24).
Analysis of ginsenosides using HPLC
The HPLC-grade acetonitrile and water were purchased from SK Chemicals (Ulsan, Korea respectively. The flow rate was 1.6 ml/min and the sample was detected at UV 203 nm.
Analysis of the nuclear magnetic resonance spectrum
The reaction products 1, 2, and 3 from the Rb1 bacterial bioconversion of strain LH1 were separated on a silica gel column using chloroform/methanol/water (8: 
RESULTS AND DISCUSSION
Phylogenetic study
The 16S rRNA gene sequence of the LH1 strain was aligned with other neighboring type strains, and the taxonomic relationships were confirmed. As shown in Fig. 1 , the phylogenetic tree revealed that the LH1 strain was actually grouped with the Leuconostoc species. Moreover, the highest degree of 16S rRNA gene sequence identity was found with Leuconostoc citreum (99.8%). Hence, based on the phylogenetic tree and homology analysis, the LH1 strain was concluded to be Leuconostoc citreum LH1.
Strain LH1
Leuconostoc citreum IH22 AF111949. 
Bioconversion of ginsenoside Rb1
After Leuconostoc citreum LH1 was cultured to an absorbance 600 of 1.0, the crude enzyme solution of the strain was used to transform ginsenoside Rb1 to metabolite 1, metabolite 2 and metabolite 3 as shown in 
Bioconversion pathway
The process through which ginsenoside Rb1 was decomposed by strain LH1 was analyzed using TLC and HPLC, as were any changes in reaction time. As is shown in Moreover, maximum enzyme activity was observed at pH 6.0, with a sharp decline at pH 9.0 (Fig. 6) . (3, 20) . In the present study, attempts were made to screen active -glucosidase-producing bacteria.
The esculin-MRS agar was specially designed to screenglucosidase-producing bacteria. Esculin is needed to detect the -glucosidase activity, and the MRS agar is optimal for the cultivation of the lactobacillus dominant in kimchi due to its low concentration of nutrients.
In this study, ginsenoside Rb1 was converted into compound K using the enzyme secreted by the -glucosidaseproducing bacteria Leuconostoc citreum LH1, which is isolated from kimchi. The bioconversion pathway to produce compound K followed the sequence: Rb1 Rd F2 compound K. As such, enzymes secreted by microbes such as human intestinal bacteria (2) and soil bacteria (6) have been used conventionally to transform ginsenoside Rb1 into compound K.
The Leuconostoc citreum LH1 strain is an aerobic and edible lactic acid bacteria. The enzyme activity of this strain was found to be greatest at 30°C and decreased at temperatures higher than 37°C. According to these results, the optimum temperature determined in this study was slightly lower than those reported for other species, such as 45°C for Rhizopus Ginsenoside compound K is a promising natural product that could be used for the treatment of numerous human pathologies. Unfortunately, the methods currently available for the commercial production of ginsenoside compound K are difficult. This difficulty has limited the availability and development of this compound. In this study, it was concluded that Leuconostoc citreum LH1 can efficiently transform Rb1 for ginsenoside compound K production.
